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INTRODUCTION
INTEREST IN THE WAY a "native" sees his or her culture has a long history in American anthropology, going back to Franz Boas, Ruth Benedict, Robert Lowie, Ralph Linton, and many others active in the first half of the 20th century. This interest has continued with new theories and methods of description, classification, and analysis of cultural phenomena. Some, which relate to this study, include: structuralism in its various guises (Adams 1973; D'Azevedo 1958; Faris 1972; Glassie 1969; 1975 ; Kaplan 1977 Kaplan , 1980 ; Levi- Strauss 1963 Strauss , 1964 Strauss , 1970 Muller 1966 Muller , 1980 Piaget 1970; Sturtevant 1967; Turner 1967 Turner , 1969 Witherspoon 1977 : Wolfe 1969 ; psychological and symbolic analyses (Douglas 1966 (Douglas , 1967 (Douglas , 1975 Geertz 1973 ; Leach 1958 Leach , 1961 Paul 1976 ); and ethnoscientific approaches (Berlin 1964 (Berlin , 1973 Bulmer 1967; Conklin 1955 Conklin , 1972 ; Romney and D'Andrade 1964; Sturtevant 1968; Tyler 1969; Warren 1977) . Criticism of these approaches, skepticism, and rejection of the methods concern both the validity and meaning of the data (Berreman 1966; Burling 1964; Harris 1968; Keesing 1972; Shankman 1969; Yalman 1967) .
For the most part criticism has focused on the reliance of these approaches on verbal behavior and on the internal logic of the description, rather than an observable behavior that can be tested and even measured. Certainly, few such studies have been devoted to material culture. Those which have are provocative (see Adams 1973; Farris 1972; Glassie 1969 Glassie , 1975 ; Kaplan 1977 Kaplan , 1980 Muller 1966 Muller , 1980 Munn 1962 Munn , 1971 Munn , 1973 Munn , 1974 Paul 1976; Sturtevant 1967; and Warren 1977 . They have provided new insights into the meaning of form and design, aesthetics, cognition, and social and cultural change. Our understanding has been enhanced by the attendant ethnographic depth of description and the view of the "native" informants.
Archaeologists who have to do without native informants have made inroads into variability, change, and expression through intensive development of quantitative methods and techniques, and ethnoarchaeology. The emphasis has necessarily been on material culture that has been made to yield insights into social and cultural behavior. To these ends, a major concern over the past 30 to 40 years has been the study of the association of sets of features (Ford 1954; Krieger 1944; Spaulding 1953; Hill and Gunn 1977) . Implicit in this concern is the desire to uncover meaningful relationships in a set of data, not immediately apparent to an investigator; and the desire on the part of some investigators to discover the cultural implications of the data for the natives themselves. The multivariate techniques of multidimensional scaling and cluster analysis, which have been widely applied in business and social sciences (Romney, Shepard, and Nerlove 1972; Kruskal and Wish 1978; Green and Tull 1978) , offer powerful tools to assist in the determination of cognitive structure of a set of data, in this case pottery types.
In this paper, multivariate procedures are applied to a folk universe of black-on-red glazed utilitarian pottery from the Valley of Puebla, Mexico. The potters' system of classification is obtained from them according to a method developed and described here. This method, which carefully avoids suggesting or imposing categories or features to the informants, follows essentially linguistic techniques for eliciting phonemic systems, but adapts them to material culture. However, it does not rely solely on verbal responses or on the formal methodology of the investigator; it also tests responses against actual behavior in the course of pottery manufacture to see whether the features identified and types labeled actually are both referred to and manipulated in the ways stated and noted. In addition, the casual behavior of potters and others in the day-to-day handling, selling, purchasing, and using of the pottery is checked against the features, and types named, and the proposed folk system. The data elicited in this paper reveal the potters' categories and subcategories which resemble componential analysis. But they are tested both for- [83, 1981 mally and informally in the ethnographic setting; and they are the result of systematic observation and recording of spontaneous behavior and the use of material culture as part of the test procedures. In this regard, this paper departs from most others mentioned in the introduction. The assumption of order in ethnotaxonomies is taken yet a step further here, from verbal elicitations, tests, and observation to the application of a multivariate approach. Statistical techniques drawn from archaeology, primarily, and social science uses, generally, are applied to the data elicited from potters, to determine if an order is present. We recognized that the techniques used made no assumptions about the order, and that, in fact, they might discover no order--another order--or the same order as contained in the native taxonomy. The potters' raw data were measured for association, and a weight was obtained for each distinctive feature. In most such analyses, either a weight is arbitrarily assigned, or all are weighted equally. Here, the order of frequency yielded the weight of each feature. This data base was then scaled up to six dimensions, and the resultant mapping studied for interpretable dimensions. These are discussed in detail later in the paper. What is significant for us here, is that in what appears to be a random and chaotic universe, the universe of pottery and potters, these methods--two different ways of analyzing the same data -constitute a check on the ethnographer. The first technique of componential analysis, or "emic" analysis, assumes but does not impose an order on the data; the second technique of multivariate analysis applied to the data shows that the same order is there. It shows that what is assumed, reemerges in another form, in a test of the methods and results obtained from the "native's" point of view.
The folk system of classification was obtained from 12 master potters who served as prime informants. They distinguished among the (presence or absence of) 94 distinctive features of 25 pottery types. The study of the sets of features was used to discover the structure or organization of this "universe" of pottery; and to give visual form to the folk taxonomy, to test and retest it.
BACKGROUND
Black-on-red glazed cooking pottery is made by potters living and working in two barrios of a major city in the Valley of Puebla. The city, which was founded in the 16th century, is in an area famed for its pottery long before the Spanish Conquest. Though there has been no historical archaeology in the city or its environs, potters and people living in the region consider black-on-red ware to be very old, and to have originated in the city. Archival records show pottery manufacture in the late 17th century, but it may have been earlier. Documents found in the municipal archives and historic accounts give evidence of a similar style of pottery in the 18th century. Further documentation is found in two still-life paintings by Agustin Arrieta (1809-67). The pottery shown is virtually identical with that still produced in the city.
The pottery is the product of traditional modes of production; and the potters work for profit or wages in a market economy. They constitute craft specialists, concentrated within certain barrios in an urban setting. They are part of a crude system of mass production with much specialization in the stages of manufacture. There is also evidence of an earlier craft workshop organization. These potters constitute a cohesive community of urban potters, craft specialists with considerable time depth and continuity of style and mode of manufacture. They provide an excellent opportunity for studying and testing folk taxonomy. They have the additional interest of being urban craft specialists. The history of black-on-red glazed ware suggests that the manufacture of this pottery emerged and flourished against a background of social, economic, and political change in the State of Puebla, following the Spanish Conquest. Certainly, the separation and ex-ploitation of the Indians by the Spaniards during the colonial period served to heighten and perpetuate Indian consciousness. Pottery and the native foods associated with its use were at once a necessity and a subtle means of expressing both an ancient heritage and an "Indian" identity. Europeans adopted the pottery along with native foods, ingredients, and techniques of food preparation, which encouraged indigenous pottery manufacture. Independence from Spain after 1821 led to a new awareness of a common American identity and made possible the formation of Mexico as a nation. This new common identity was a blend of Indian and European elements of culture. Among potters, formerly separate Indian and Spanish manufacture of utilitarian wares became fused as a result of social and economic change. In the middle to late 19th century, this fusion was followed by a florescence of black-on-red glazed pottery; it coincided with capitalist expansion and the growth of a new bourgeoisie. It was the time of the beginnings of the industrial revolution in Mexico, which took place in Puebla. Black-on-red glazed cooking pots became markers of a traditional group consciousness and of a new national identity.
DATA COLLECTION
Today, 70 potters and 25 crewmen are engaged in the production, decoration, and firing of black-on-red glazed ware. The 12 potters who served as primary informants are acknowledged among their peers as masters. In a series of open-ended interviews they identified 25 pottery types with discrete labels, based on 94 distinctive features. The pots were photographed in color, numbered, and mounted in an album without accompanying labels for use in formal tests that followed (Kaplan 1980:141-142 ). Open-ended interviews were used to discover the potters' terms for pottery sizes, types, and features. Only terms that were first introduced by the informants were employed in the interviews. No terms were introduced by the investigator. In a sense, then, each informant was allowed to construct his or her own interview. The folk taxonomy constructed from these interviews was shown to the potters, and the categories of types, sizes, and distinctive features were checked with them. Though no potter provided the whole system or controlled all of it, they were able to verify the parts and the relations among them. This was done individually, and in the presence of several potters who spoke, noted, and conferred with each other as well as with the investigator. As noted earlier, the observation of potters and others provided further checks on the taxonomy. However, it was the potter's responses, not the taxonomy, using whole pots, that served as the input for the application of cluster analysis and multidimensional scaling.
Standardized tests based on an original photograph album of 52 photographs were administered to potters and a selected sample of people in the city. Thirteen photographs of pottery from nearby towns and from other regions of Mexico were included. Eight unfinished pots were also included as a further test of the knowledge of the finished style. It was assumed the potters would control the most information on form and function of local pottery.
The tests and interviews were usually conducted in the potter's workshop and home. They always took place in familiar surroundings where the potter would feel at ease. In these surroundings the behavior of other members of the pottery-making community--families and friends--could also be observed. They often lent support to a potter's response, and offered additional examples from their own experiences, which were noted separately. The results of the interviews were checked against spontaneous comments and labels applied to the pottery in daily life. The extent to which potters isolated and manipulated distinctive features in the course of manufacture of a given pottery type was recorded; and references to features and pottery types, using discrete labels, were noted in casual conversations among potters, and in discussions with the investigator. All of [83, 1981 these observations of actual behavior supported the system of classification and distinctive features used by potters to describe the "universe" of black-on-red glazed ware. Figure 1 lists the 25 pottery types of black-on-red glazed ware identified by potter informants. Table I lists the 94 distinctive features they described.
METHOD
Potters distinguished the presence or absence of 94 features (Table I) Mexican and American disease terms. However, Goodman and Kruskal (1954 , 1959 , 1972 , who have developed a set of measures of association, note that, although the chi-square statistic is useful as a test of hypothesis, its accuracy as a measure of association is questionable. In particlar, there is serious doubt whether two different phi (4) coefficients can be compared, as is necessary in developing a measure of distance between all pairs of objects.
Among the alternative measures of association developed are various matching coefficients. For example, the simplest measure of association involves counting the number of features on which two pottery types agree, either counting or ignoring absence/absence matches. However, as Whallon (1972) has noted, these similarity measures are inherently deficient since each feature is weighted equally in its derivation.
A measure that differentially weights each feature has been developed by Goodman and Kruskal (1954) The computational aspects of this formula can be illustrated by computing Xij for a particular pair of features. The cross-classification for feature 1 (wheel technique) and feature 13 (open-mouth), for example, is shown in Table II , with regard to the presence/absence of these two features.
In order to compute the weight for feature 1 (wheel technique), the Xij can be computed for all cross-classifications of feature 1 with each other feature. The X (lambda) values are summed up and the weight for each feature is the reciprocal of this sum. In this manner the weight for each feature is computed. The distance between two pottery types is computed by adding up the weights for the features in which the two types have a mutual presence or a mutual absence. Thus, the various features are being assessed differentially in determining the similarity of pottery types.
Based upon the computations used here, those features that are somewhat redundant with the other features receive less importance in measuring the similarity of the pottery types, while those features that are more discriminating in differentiating between types receive greater importance. Features that were completely redundant with other features are combined for the purpose of analysis. Because of the large number of pottery types (25) and features (94) involved in this study, a computer program (see Carmone, Green, In order to evaluate the similarity of the 25 pottery types, the statistical procedures of nonmetric multidimensional scaling and hierarchical clustering were utilized. Multidimensional scaling aims to represent the set of pottery types on a "map" or configuration. Nonmetric multidimensional scaling, as developed by Shepard (1962a, b) , uses only the rank order of the similarity of the paired pottery types in developing this configuration. A measure (such as Kruskal's [1964a, b] stress coefficient) is computed to determine the goodness of fit of the configuration to the actual data. The interpretation of the configuration should represent a plausible analysis of the actual phenomena involved in the separation of the various objects (pottery types). However, the factors which go into this interpretation are not known beforehand, and must be derived from the cognitive map. This requires a knowledge of the culture as well as the pottery types.
TABLE II. CROSS-CLASSIFICATION OF FEATURE 1 (WHEEL TECHNIQUE) WITH FEATURE 13 (OPEN MOUTH
One criterion for analysis (see Shepard 1974) is to interpret the smallest number of possible dimensions or factors, while attempting at the same time to minimize the stress (goodness of fit) coefficient. The resulting stress coefficient can be tested to determine the plausibility of hypothesizing a definitive structure to the data (see Green 1975; Levine 1978) . Cluster analysis, in contrast to multidimensional scaling, does not attempt to develop a spatial configuration of pottery types, but instead organizes the set of types into homogeneous groups. The pottery types are separated into groups so that a given type is more similar to others within its group than to types outside its group. Hierarchical clustering as developed by Johnson (1967) forms a treelike structure which joins pottery types together in groups. The organization of this treelike structure when viewed in conjunction with the cognitive map provided by multidimensional scaling provides an additional aspect for the interpretation.
RESULTS AND DISCUSSION
Ninety-four features and 25 pottery types distinguished by a group of 12 master potters provided the data base for a multivariate analysis, using nonmetric multidimensional scaling and cluster analysis. The study, unlike archaeological ones, uses whole pots and features identified by native potters; unlike many ethnoscientific studies, it does not rely mostly on verbal behavior, but uses quantitative methods to analyze the structure of a folk taxonomy. It also uses material culture in standardized tests, interviews, and observation of overt behavior in the production and use of pottery.
Identification of features and types of pottery was remarkably consistent throughout the whole pottery-making community, which comprised 70 potters and 25 crewmen. This consistency was manifest despite much specialization in technique of manufacture, type, and size of pottery, and division of labor between potters and crewmen. In addition to the 12 primary informants, 73 other potters and crewmen were interviewed and observed in the course of fieldwork. Thus only 10 of the 95 were not part of the sample. Informants did not conceptualize the whole picture or overview of the native system of classification. Rather, they identified features and pottery types from actual pots in workshops and kilns. The resulting folk taxonomy is a composite of the knowledge and behavior of the individual potters. The data base is derived from a universe of pottery manufactured during the period of ethnographic fieldwork; it consists of more than 100,000 pots manufactured and fired in 13 kilns, each having a capacity from 1,500 to 3,000, during 1972, 1973, and 1974 Most studies that depend on the identification of traits or distinctive features usually either assign a weight to them (Naroll 1956:705) , or leave them unweighted (Carneiro 1969 (Carneiro , 1970 Tolstoy 1963 Tolstoy , 1966 . In this study, a weight was obtained for each feature (Goodman and Kruskal 1954) and it is interesting to note that the clusters are consistent with the potters' typology.
The first two types of pottery to cluster may be considered prototypes and reflect a major distinction between wheel-made and mold-made pots in the pottery-making community. The first cluster, types 7 and 8, are wheel-made drinking vessels (velorios). They are complex in form, being closed vessels, but they are identical except for a single feature -7 is round while 8 is egg-shaped (huevito). The second cluster, types 18 and 19, are mold-made bowls for grinding (molcajete) and eating (cajete), respectively. They are simple in form, being open, half-spherical and without ears. But they differ in 7 of the 19 features they share. The eating bowl is the basis of all mold-made jars and cooking pots; and it is identified as a primary stage of manufacture on the wheel when the size of a vessel is determined, before the potter closes it. These clusters also have historical implications since mold-made vessels are indigenous and wheel-made ones post-Conquest, having been introduced by the Spanish in the 16th century. A third distinction is found to the right and left of the vertical axis that divides open/ closed types of pottery. All those to the right may be undecorated or decorated with either black-on-red designs or be all red. All those to the left may be decorated with either black-on-red designs or be all black. This distinction, too, corresponds to significant cultural categories. Red is associated with day, the life force, and hot things; black is associated with night, death, and cold things. Red, in conjunction with being open and female, and black, in conjunction with being closed and male, are shown in opposition to each other on the graph, just as they are conceived to be in daily life. The dichotomy between men and women, disclosed in observable behavior in Puebla and frequently verbalized, is embodied in their folk pottery and conveyed through form, design, and color.
The colors and designs of the pottery also represent important concepts associated with the native world view. According to potters and their people in the Puebla region, life is perpetuated by a daily balance struck between opposing forces -life and death, day and night, women and men. The radiating designs and combined colors of the domestic pottery represent both a cyclical view of the universe and the desired balance. The extremes of the color spectrum of the ware define the parameters of this pottery in the culture. Allred pots are the least valued and most ordinary types used every day; all-black pots are the most valued types, used ceremonially once a year to honor the dead. Children, not fully part of the adult world, are remembered in death with miniature pottery, gaily painted in pinks and blues and decorated with flowers. This pottery, made by the same potters who make black-on-red ware, is decorated by people who come from another region for this purpose once a year (Kaplan 1977) . The miniature pottery is outside the parameters of the traditional ware of the region, black-on-red, just as the children themselves are outside the normal rewards and punishments meted out to those who are fully "persons" in the social and religious senses of the culture. The nonmultiple/multiple-ears distinction, marked by the horizontal axis in Figure 3 , is an important criterion used by potters to distinguish types of pottery. Nonmultiple ears (one ear or none) are generally found on jars used for drinking and on undecorated jars and bowls used for eating, and to prepare traditional ingredients (beans and chilis). Pots used for cooking and on festive occasions, generally, have multiple ears (two or more).
The nonmultiple-ears jars are used daily to take the fermented juice of the maguey cactus, pulque, a mucilagelike and milky but nutritious drink known to the Indians long before the Conquest. A thin cornmeal gruel, atole, sometimes flavored with fruits, cinnamon, or spices, is drunk in jars in the morning or late afternoon; it is sold on street corners by vendors, in little restaurants, and is prepared at home. Pulque is purchased from special bars called pulquerias, where men gather during the day and evening with friends; children and young women are often sent to buy it for meals at home. The drinks offered to the dead are served in black jars; those offered during the vigils kept for the dead are served in the red and black velorios; their special designs and colors mark the transition from life to death.
The small bowls for eating, drinking, and grinding, cajetes and molcajetes, are the same types used in pre-Columbian times, for essentially the same purposes. Pulque is still drunk from gourd vessels of the same size and shape in villages, and chilis are still ground in them as they have been for millennia. These types, or bowls, as was pointed out earlier, are the prototypes for jars, constituting as they do the bases of all jars formed in molds and on the wheel.
These nonmultiple-ears pottery types relate to culturally defined Indian food categories in the culture, including drink; they are also functional since small-to medium-size vessels may easily be carried and handled with one or no ears. They also reflect the small social groups (like drinking partners and friends), and close family situations like daily mealtimes, those meals and drinks shared with deceased family members on home altars, on graves, and during vigils for the dead. These traditional pottery types are grouped with their wheel-made equivalents in Multiple ears are indicative of the common "Mexican" heritage which emerged with the rise of nationalism in the 19th century. Like the new IMexican cultural identity, they are also a blend of the Indian and Spanish elements. Added features such as the serpent held in the beak of an eagle standing on a cactus, the symbol adopted for the flag of Mexico, appear embossed as a design on the bottom of serving dishes with many curving handles, or ears. Other designs embossed on the decorative pottery, labrada, exemplify similar nationalistic emblems; they include also many "sayings" or dichos, like "Viva Mexico" or the names of cities, towns, or persons, and flowers, roses, and modeled heads and hats to the jars and pots. 1. Red and black colors 2. Used for frying 3. Used for washing/waste 4. Egg-shaped 5. Black spot design 6. Absence of feet on pottery 7. Corncob cover 8. Spur-grooved design 9. Used for grinding 10. Glazed inside--all over etc.), rare and design elements; these receive the highest weights and are the most informative as was expected. The importance of colors, singly and together, has been discussed in connection with the symbolism associated with the pottery; and function, design, and rare features are indicative of cultural categories. They also have an historical aspect in that their occurrence, or lack of it, is both significant and explainable in cultural context. Rare features are no more than idiosyncratic variation to be lumped by investigators into such favored categories as "miscellaneous." CONCLUSIONS Cluster analysis and nonmetric multidimensional scaling applied to the raw data obtained from potters served as a check on the ethnographer, and on the native taxonomy of pottery analyzed from the same data base. The cognitive map that these techniques produced revealed factors that were analogous to cultural categories upon which thinking and behavior in the society were organized. A further and somewhat unexpected result was the historical dimension which manifested itself in the course of interpreting the dimensions produced by multidimensional scaling (see Figure 3) . Indian and traditional pottery types appeared separately and together in the discussion of the meaning of dimensions. Although up to six factors were investigated in the multidimensional scaling analysis, the structure of the cognitive map could be clearly attributed to the two factors of open/closed pottery types and multiple/nonmultiple ears. Significantly, these factors correspond to cognitive categories within the folk culture: male/female, night/day, life/death, hot/cold, natural world/supernatural world, drink/food, Indianism/nationalism. The goodness of fit of this cognitive map to the data obtained from pottery informants is significantly better than what could have occurred had there been no inherent structure to the data. It provides another way to look at the same data, the "native" viewpoint, and to see if a second statistical set of techniques produce the same results.
The importance of ears as a factor in the folk classification of pottery types resembles Deetz's findings in his study of Arikara ceramics (1965: 75-80). Rims, though, do not have the same importance which Deetz and others attribute to archaeological pottery remains (which are mostly sherds, not whole pots). Puebla potters vary rim form and decoration in response to consumer preference; rim form is related to the technique of manufacture and function. For the most part, the folk potters themselves used the same criteria archaeologists do to classify pottery: color, shape, design elements, and function. However, ears and size differentiation within major pottery types (150 sizes of 25 types), received more attention from Puebla potters.
The quantitative techniques applied in this study classified a body of empirical ethnographic data, provided insights into the cognitive structure of a folk taxonomy of pottery, and proved to correspond to major cultural categories that organize social behavior and world view in Puebla. Ethnographic and ethnohistoric fieldwork show, too, that these data and the folk taxonomy they yield are not arbitrary cultural behavior, but reflect historical developments as well as an inherent structure made evident by the application of a multivariate approach, using cultural interpretation.
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